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(54) Apparatus and device for separating lamellae 



(57) An apparatus (10) for separating lamellae (50, 
50a, 50b, 50c) in the stroma (34) of an eye (26) includes 
means (12, 14, 16, 20) for finding a focal depth at an 
Interface layer between lamellae (50, 50a, 50b, 50c) in 
the stroma (34). 

Means are provided (12, 18, 20) for sequentially fo- 
cusing a laser beam (22) to a plurality of focal points 
(73) in the stroma (34) to photodisrupt stromal tissue, . 
separate the lamellae (50, 50a, 50b, 50c) and create a 
photodlsruptive response thereto. The photodisruptive 
response is indicative of a diameter of a gas bubble (60, 
62) created in the stroma (34) during photodisruption of 



the stromal tissue. 

The apparatus includes further means (14) for al- 
temating from a first energy level to a second energy 
level when the photodisruptive response is less than a 
reference value, and from the second energy level to 
said first energy level when the photodisruptive re- 
sponse is greater than the reference value. Mainte- 
nance of a proper focal depth can be periodically verified 
by maintaining a birefringent reference using an ellip- 
someter (14). Once the lamellae (50. 50a, 50b, 50c) are 
separated, a flap of corneal tissue is be created that can. 
be lifted to expose underlying stromal tissue for further 
surgical photodisruption: 
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Description 

FIELD OF THE INVENTION 



[0001] The present invention pertains generally to ap- 
paratus and a device for carrying out ophthalmic laser 
surgery procedures. More particularty, the present In- 
vention pertains to apparatus for separating lamellae In 
the stroma of the eye. The apparatus is used to carry 
out laser surgical procedures which are performed to re- 
shape or restructure the cornea of an eye by using pho- 
todisrujjtion techniques to remove stromal tissue. The 
apparatus of the present invention is particularly, but not 
exclusively, used to create a flap in the cornea of an eye 
that can be moved or lifted to expose stromal tissue for 
photodisruption. 

BACKGROUND OF THE INVENTION 



[0002] Within the past number of years, the so-called 
LASIK procedure has been used successfully to con-ect 
vision difficulties for a significantly large number of pa- 
tients. In overview, a LASIK procedure is used to re- 
shape or restmcture the cornea of an eye in order to 
change its refractive properties. The object Is to thereby 
minimise optical aben*ations and to improve a patient's 
vision by altering the comeal shape. 
[0003] As is well known to those skilled in the art, a 
LASIK procedure involves the removal of stromal tissue 
by photodisruption. For a typical LASIK procedure, this 
photodisruption is accomplished using an "excimer la- 
ser. Excimer lasers, however, are most effective when 
they are used to superficially photodisrupt tissue. Ac- 
cordingly, when using an excimer laser for the photodis- 
ruption of tissue, it is necessary to somehow expose the 
target tissue that is to be photodisrupted. In the case of 
a LASIK procedure, it has been the practice to mechan- 
ically access the target tissue. Heretofore, this has In- 
volved the creation of a comeal flap which can be 
moved, or lifted, to expose the target tissue. The "exci- 
mer" laser is then used to photodisrupt the exposed stro- 
mal tissue. After the photodisruption of tissue is accom- 
plished, as desired the flap can be repositioned over the 
stroma. A major benefit of this so-called "Flap and Zap" 
procedure is that trauma to the epithelial layer at the an- 
terior surface of the cornea is minimised. Trauma to the 
stroma under the epithelial layer, however, may still be 
significant. 

[0004] A general knowledge of theanatomy of the cor- 
nea of an eye is helpful for appreciating the problems 
that must be confronted whenever a comeal flap is cre- 
ated. More spedfically. the cornea comprises various 
layers of tissue which are structurally distinct. In order, 
going in a posterior direction fi-om outside the eye to^ 
ward the inside of the eye. the various layers in a cornea 
are: an epithelial layer. Bowman's membrane, the stro- 
ma. Decimefs membrane, ^d an endothelial layer. Of 
these various structures, the stroma is the most exten- 
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sive and is generally around four hundred microns thick 
[0005] In detail, the stroma of the eye is comprised of 
around two hundred identifiable and distinguishable lay- 
ers of lamella. Each of these layers of lamella in the stro- 
5 ma is generany dome-shaped, like the cornea itself, and 
they each extend across a circular area having a diam- 
eter of approximately six millimetres. Unlike the layer 
that a particular lamella- is in. each lamella extends 
through a shorter distance of only about one tenth to 
^0 one and one half millimetres. Thus, each layer includes 
several lamellae. Importantly, each lamella includes 
many fibrils which, within the lamella, are substantially 
parallel to each other The fibrils in one lamella, howev- 
er, are not generally parallel to the fibrils in other lamel- 
IS lae. This is so between lamellae in the same layer, as 
well as between lamellae in different layers. Finally, it Is 
to be noted that, in a direction perpendicular to the layer, 
the Individual lamella are only about two microns thick! 
[0006] Within the general structure described above. 
20 there are at least three important factors concerning th^ 
stroma that are of interest insofar as the creation of a 
comeal flap is concerned. The first of these factors Is 
structural, and it is of interest here because there is a 
significant anisotropy in the stroma. Specifically, the 
25 strength of tissue within a lamella is approximately fifty 
times the strength that is provided by the adhesive tis- 
sue that holds the layers of lamella together. Thus, much 
less energy Is required to separate one layer of lamella 
from another layer (i.e. peel them apart), than would be 
30 required to cut through a lamella. The second factor is 
somewhat related to the first, and involves the stromal 
tissue response to photodisruption. Specifically, for a 
given energy level in a photodisnjptive laser beam, the 
bubble that is created by photodisruption in the stronger 
35 lamella tissue will be noticeably smaller than a bubble 
creatiBd between layers of lamellae. The third factor is 
optical, and it is of interest here because there is a 
change in the reft-active index of the stroma between 
successive layers of lamellae. This Is due to differences 
^0 in the orientations of fibrils in the respective lamella. 
When consideration is given to using a laser beam for 
the purpose of creating a comeal flap in a LASIK proce- 
dure, these factors can be significant. 
[OiOOT] In light of the above, it Is an object of the 
present invention to provide an apparatus to separate 
lamella In the stroma of an eye which minimises the 
heating of the stromal tissue. Another object of the 
present invention is to provide apparatus and a device 
which utilises a laser beam to separate lamellae in the 
^ stroma of an eye that can be accomplished quickly in 
order to minimise the time a patient must fixate. Still an- 
other object of the present invention is to provide appa- 
ratus for separating lamellae in the stroma that avoids 
excessive trauma to the stromal tissue in the comea. 
55 Yet another object of the present invention Is to provide 
apparatus and a device for separating lamellae in the 
stroma that is easy to use and Is comparatively cost ef- 
fective in operation. 
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SUMMARY OF THE PREFERRED EMBODIMENTS 

[0008] In accordance with the present invention, ah 
apparatus for separating lamellae in the stroma of an 
eye which comprises means for finding a focal depth in 
the stroma, means for sequentially focusing a laser 
beam to a plurality of focal points in the stroma to pho- 
todismpt stromal tissue at said focal depth to separate 
the lamellae and create a photodlsruptive response 
thereto, said photodlsruptive response being indicative 
of a diameter of a gas bubble created in the stroma dur- 
ing photodisruption of the stromal tissue, and means for 
alternating from a first energy level to a second energy 
level when said photodisnjptive response is less than a 
reference value» and from said second energy . level to 
said first energy level when said photodlsruptive re- 
sponse is greater than said reference value. 
[0009] Suitably, the finding means comprises a wave- 
front sensor by means of which the anterior surface of 
the cornea can be identified. 

[001 0] The invention also includes a device for sepa- 
rating lamellae using a birefringent reference generated 
in a photodlsruptive material which comprises an optical 
system for focusing a laser beam to a focal point in the 
material to create a photodisruptive response thereto, 
said photodisruptive response being indicative of a di- 
ameter of a gas bubble created in the material during 
photodisnjption of the material, a computer means for 
comparing said photodisruptive response to a reference 
value, a mechanism for scanning said laser beam to an- 
other focal point in the material to perform photodisrup- 
tion of the material, a means for altemating energy in 
said laser beam frpm a first energy level to a second 
energy level when said photodisruptive response Is less 
than said reference value and from said second energy 
level to said first energy level when said photodisruptive 
response is greater than said reference value and a 
means for detecting the birefringent reference in the ma- 
terial when said first energy level is used, said birefrin- 
gent reference being indicative of an interface between 
layers of iameilae. 

[001 1] Operation of the apparatus of the invention first 
involves locating a start point in the stroma. Preferably, 
this start point.will be at a distance into the stroma that 
is approximately one hundred and eighty microns from 
the anterior surface of the comea. Once the start point 
is located, tissue at the start poirit is photodisrupted to 
create a bubble. The size of this bubble is then meas- 
ured and compared with a reference to determine 
whether the bubble was created within a lamella or be- 
tween layers of lamellae. If the bubble is created inside 
a lamella, subsequent bubbles can be created at differ- 
ent points in the stroma until the resultant bubble size 
Indicates that photodisruption is occurring between lay- 
ers of lamellae. An ellipsometer Is then used to detect 
a birefringent condition In the strorna between these lay- 
ers of lamellae. Specificglly, this birefringent condition 
will result from a change in the orientation of fibrils in tiie 



respective lamella, and will be Indicative of the interface 
between layers of lamellae in the stroma. Further, it hap- 
pens that from layer to layer of lamellae there will be a 
birefringent change that is manifested as a change in 

5 phase of about one half degree. Recall, the thickness of 
the lamellae is around two microns. The importance of 
all this is that the detection of a birefringent change will 
indicate a change from one layer of lamellae to another. 
Thus, It can be used to establish and maintain a focal 

10 depth in the stroma. 

[0012] The photodisruption of tissue along the inter- 
face between layers of lamellae In the stroma begins by 
focusirig the laser beam to a focal point at the estab- 
lished focai depth in the stroma. Initially, the laser beam 

15. is set to operate at an energy level that is slightly above 
the threshold for photodisruption of stromal tissue (i.e. 
above approximately one and one half microjoules for 
a ten micron diameter spot size). For exarnple, the initial 
energy level that can be used for the laser beanrS may 

20 be around five microjoules .for a ten micron diameter 
spot. In any event, whenever the laser beam is activat- 
ed, there will be a photodisnjptive response from the tis- 
sue that results from the particular energy level that is 
being used. Importantly, this photodisruptive response 

25 will vary according to the energy level of the laser beam, 
as welj as the nature of the tissue that is being photo- 
disrupted. 

[00 13] As intended for the present Invention, the pho- 
todisruptive response is measured as the diameter of 

30 the gas bubble that is created in the stromal tissue dur- 
ing photodisruption. This photodisruptive response is 
then compared with the reference value rrientioried 
above to deterrriine whether the initial energy level Is 
sufficient for further operation. For the purposes of the 

35 present invention, this reference value is chosen to cor- 
respond to a hypothetical gas bubble in the stroma that, 
as a result of photodisruption, would have a diiameter of 
approximately fifteen microns. Depending on the differ- 
ence betweien the photodisruptive response and the ref- 

40 erence value, the energy level of the laser beam will ei- 
ther be held constant, or it wiir be changed. For the 
present invention, the change in energy level will be be^ 
tween a relatively low energy level (e.g. approximately 
five microjoules per ten micron diameter spot size) arid 

45 a relatively high energy level (e.g. approxinriately fifteen 
microjoules per ten micron diameter spot size). 
[0014] A condition wherein the photodisruptive re- 
: sponse is greater than the reference value is indicative 
that the photodisruption of tissue Is occurring in the 

50. weaker tissue tiiat is located at the Interface between, 
layers of lamella, rather than inside the lamella. Accord- 
ingly, further photodisruption is accomplished by main- 
taining the initial energy level of the laser beam at the 
relatively lower energy level, and moving its; focal point 

55 at the focal depth between the layers of lamellae. As this 
is being done, the ellipsometer can be used periodically 
to ensure the photodisruption is being done at the same . 
interface between lamellae. This continues as long as 
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this condition persists. On the otherhand, when the pho- 
todlsruptlve response becomes less than the reference 
value, the indication is that the focal point is no longer 
located between layers of lamellae. Thus, the energy 
level needs to be increased to a higher energy level. Al- 
so, the focal point needs to be moved until the photo- 
disruptive response is substantially greater than the ref- 
erence value. At this point, i.e. when the photodisruptive 
response becomes substantially greater than the refer- 
ence value, the Indication is that the focal point is again 
between layers of lamella. The energy level of the laser 
beam is then retumed to its former lower value. Also, if 
desired, the focal depth can be verified by the ellipsom- 
eter and adjusted as necessary. 
[001 51 In the operation of the apparatus of the present 
invention, the energy level of the laser beam is altered 
in the above manner to follow the interface between la- 
mella, and it is guided to create a flap from the corneal 
tissue. Specifically, the focal spot of the laser beam is 
moved within a boundary that can be generally defined 
by a first edge and a second edge. More specifically, to 
create the flap, the first edge should be a substantially 
straight line between a first point and a second point. 
The second edge can then be a curved line between the 
first point and the second point with the curved line hav- 
ing a radius of curvature around the optical axis of the 
eye of about four and one half millimetres. Further, this 
curved line should be centred approximately on the op- 
tical axis of the eye and extend through an arc of about 
two hundred and seventy degrees. 



BRIEF DESCRIPTION OF THE DRAWING.c; 

[001 6] The novel features of this Invention, as well as 
the Invention itself, both as to its structure and Its oper- 
ation, will be best understood from the accompanying 
drawings, taken in conjunction with the accompanying 
description, in which similar reference characters refer 
to similar parts, and in which: 

Fig. 1 is a schematic diagram, in a closed-loop feed^ 
back control format, showingihe operative compo^ 
nents of the apparatus of the present invention; 
Fig. 2 is a logic flow chart of the sequential steps to 
be accomplished by the apparatus of the present 
invention; 

Fig. .3 is a cross sectional view of the cornea of an 
eye; 

Fig. 4 is a cross sectional view of layers of lamella 

in the cornea of an eye; and 

Fig. .5 is a plan view of the cornea of an eye. 

DESCRIPTIO N OF THE PREFERRED EMBODIMFMT 

10017] Refemng initially to Fig. 1, the operative com- 
ponents of an apparatus according to the present inven- 
ton are shown schematically in a control loop format 
and are generally designated 10. As shown, the appa- 



ratus 10 includes a laser source 12 which, preferably, is 
capable of generating a continuous train of ultra-short 
pulses, with each pulse having a pulse duration of ap- 
proximately one pico-second. Specifically, it is neces- 
5 sary that each pulse have an energy level that is above 
the threshold necessary for the photodisruption of.stro- 
mal tissue (i.e. above approximately one and one half 
microjoules per ten micron diameter spot size). The ap- 
paratus 10 also includes an ellipsometer 14 that is ca- 
10 pable of determining the birefringent properties within 
stromal tissue. For the purposes of the present inven- 
tion, an ellipsometer of the type disclosed and claimed 
in U.S. Patent No. 5.822.035. which issued to Bille for 
an invention entitled "Ellipsometer." Further. Fig. 1 
is shows that the apparatus 10 includes a wavefront sen- 
sor 16. such as a Hartmann-Shack sensor, which is ca- 
pable of modelling a wavefront. Additionally, the appa- 
ratus 10 includes guidance optics 18 that are capable 
of steering and focusing a laser beam onto predeter- 
20 mined focal points. A power unit 20 is also provided. In 
combination, these comporients cooperate with each 
other to generate ^ laser beam 22 that Is directed to a 
focal point in the cornea 24 of an eye 26 with a prede- 
termined energy level. Control over this operation, to in- 
25 dude the location of the focal point and its energy level, 
is made possible by using the ellipsometer 14 and the 

wavefront sensor 16 to monitor reflected light 28 as it Is 
reflected from the cornea 24. 

[001 8] Referring now to Fig. 2. it will be seen that the 
30 operation of the apparatus 10 of the invention begins by 
establishing a start point (action block 30). In Rg. 3 it 
will be seen that this start point 32 is established in the 
sfroma 34 of cornea 24. Specifically, the start point 32 
is established at a distance 36 that is measured from 
35 the anterior surface 38 of the cornea 24 in a direction 
that is substantially perpendicular to the anterior surface 
38. As Intended for the apparatus 10. the exact lobation 
of the anterior surface 38 can be determined using the 
wavefront sensor 16, and the distance 36 can then be 
40 arbitrarily chosen to be around about one hundred and 
eighty microns from the anterior surface 38. 
[0019] Once a start point 32 has been established in 
the stroma 34, action block 40 in Fig. 2 indicates that 
the next step is to photddisrupt tissue at the start point 
45 32 to create a response (i.e. a bubble in the stromal tis- 
sue). As Indicated by inquiry block 41, this response is 
then compared with a reference (e.g. 1 5 |im). If the re- 
sponse is less than the reference, action block 43 indi- 
cates the focal point should be moved from the start 
50 point 32 through a distance 42 (Fig. 4). This distance 42 
will preferably be taken in an anterior direction (indicated 
by the an*ow 44 in Fig. 4) and will, most likely, be less 
than two microns. It will be appreciated, however, that 
in some cases this distance 42 may be taken in a pos- 
55 terior direction (indicated by an-ow 46 in Fig. 4). In either 
case, as this movement from the start point 32 is being 
accomplished, the inquiry block 41 in Rg. 2 indicates 
that when the response becomes greater than the ref- 
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erence, reflected light 28 from cornea 24 can be moni- 
tored by the ellipsometer 14 to determine a birefringent 
reference (action block 48). It happens that this birefrin- 
gent reference can be determined due to a variation in 
the orientation of tissue In the stroma 34 and will, per- 
haps, be best understood by reference to Fig. 4. 
[0020] In Fig. 4, a portion of the stroma 34 in the cor- 
nea 24 of the eye 26 is shown to include a plurality of 
lamellae 50. of which the lamellae 50a, 50b and 50c are 
only exemplary. DImensionally, each of the lamellae 50 
in the stroma 34 have a depth 52 that is approximately 
two microns » and a width 54 that is between approxi- 
mately one tenth and one and one half millimetres. 
Thus, the lamellae 50 each have a very thin disk shape. 
Anatomically, the lamella 50 lie on top of each other in 
layers that extend across the cornea 24 through a dis- 
tance 56 that is approximately nine millimetres. As 
shown in Fig.. 4, the individual lamella 50 overiap to 
some extent and are somewhat randomly arranged. 
Nevertheless, they create many interface layers that, in 
general, are substantially parallel to each other and ex- 
tend all the way across the comea 24. The interface lay- 
er 58 shown in Fig. 4 is only exemplary of the many in- 
terface layers In the comea 24. 

[0021] For the purposes of the present invention, an 
interface layer 58 is Important in two aspects. First, the 
birefringent properties of stromal tissue in the lamella 
50 change at the interface layer 58. Recall, from the dis- 
closure above, this change in birefringent properties is 
due to changes in the orientation of fibrils (not shown) 
in the lamella 50. Second, the stromal tissue along the 
interface layer 58 is weaker than stromal tissue inside 
the lamella 50. Accordingly, the stromal tissue along the 
interface layer 58 can be effectively photodisrupted at 
lower energy levels. 

[0022] It happens that whenever stromal tissue Is 
photodisrupted, a bubble is fomied in the stroma 34. For 
a given type of tissue, the size of the bubble that is 
formed will be a function of the energy level in the laser 
beam 22. In this case, the higher the energy level, the 
larger the bubble. Further, for a given energy level, the 
.: size of the bubble that is formed will be a function of the 
type of tissue. In this case, with the same energy level, 
the stronger tissue will yield a smaller bubble and the 
weaker tissue will yield a larger bubble. With this in mind, 
consider the bubbles 60 and 62 shown (hot to scale) in 
Fig. 4 that would be formed using a same energy level 
in the laser beam 22. The larger bubble 60 is shown gen- 
erally in weaker tissue at the interface layer 58 between 
the lamella 50a and 50b. On the other hand, the smaller 
bubble 62 is shown in stronger tissue inside the lamella 
50b. Fortunately, as used for the present Invention, the 
respective sizes of the bubbles 60 and 62 will serve as 
photodisruptive responses that can be measured by the 
wavefront sensor 16 using relatively well known wave- 
front techniques. Accordingly, the photodisruptive re- 
sponse of a bubble 60 or bubble 62 can be compared 
with a reference value, and the energy level, of the laser 



beam 22 can be altered as desired. 
[0023] Retuming how to Fig. 2, and in light of the 
above discussion with reference to Fig. 4, it will be ap- 
predated that the combined functions of inquiry block 
5 41 and action block 48 is to find the interface layer 58. 
This is accomplished whenever the ellipsometer 14 de- 
tects a birefringent change. It will happen that this bire- 
fringent change will be ori the order of plus or minus one 
half degree. Importantly, finding the interface layer 58 
10 will fix a focal depth for the laser beam 22 that will be a 
combingtion of the distances 36 and 42. The apparatus 
1 0 can then begin to photodisrupt stromal tissue (action 
block 64). 

[0024] Action block 64 In Fig. 2 indicates that, at least 
Iriitially, the apparatus 10 will photodisrupt stromal tissue 
at a relatively low energy level, e.g. approximately five 
microjoules per ten micron spot size. As indicated 
aboye, if photodisruptlon beginis at this energy level in 
the interface layer 58 as intended, a relatively large bub- 
ble 60 will result. In any event as indicated by the inquiry 
block 66, the resultant bubble (photodisruptive re- 
sponse) will t>e compared with a reference value to de- 
termine whether photodisruption at this energy level 
should continue (inquiry block 66). For the present in- 
vention, the reference value will correspond to a hypo- 
thetical t>ubble in stromal tissue (not shown) which 
would have a diameter of approximately fifteen microns. 
If the resultant bubble in this stroma 34 has a photodis- 
ruptive response that is greater than the reference val- 
ue, it is indicative of the fact that weaker tissue iri the 
interface layer 58 is being photodisrupted. In thi^ case, 
the inquiry block 67 may be selectively used to deter- 
mine whether the birefringent reference has changed. 
Such a change would be on the order of one half a de-^ 
gree and would indicate that another interface 58' Was 
being photoaltered. If so, action block 68 Indicates the 
birefringerit reference can be reset to reestablish ori the 
desired Interface 58. In either case, the action bliock 70 
in Fig. 2 indicates that the guidance optics 18 should 
continue to scan the laser beam 22 through the interface 
layer 58. As this Is being done, the interaction of blocks 
64, 66, 67 and 68 in Fig. 2 indicate that a photodisruptive 
response is continuously being monitored by .the wave- 
front sensor 16. 

[0025] Whenever the photodisruptive response falls 
below the reference value, such, as would happen when 
photodisruption is occurring within a lamella 50 (e.g. 
bubble 62), action block 72 indicates that the energy lev- 
el in the laser beam 22 ishould be increased to a higher 
energy level. Again, the photodisruptive response is 
monitored by the wavefront sensor 1 6. Due to the higher 
energy level being used, when the laser beam 22 is next 
focused onto the interface layer 58, the photodisruptive 
response will most likely be much greater than the ref- 
S5 erence value. In any event, inquiry block 74 and action 
block 75 indicates that the laser beam 22 will continue 
to move and photodisrupt tissue until the photodisrup- 
tive response is considerably greater than the reference 
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value. When this happens, depending on the desires of 
the operator, the laser beam 22 can continue operation 
at the relatively lower energy level (action block 64). In 
either case, blocks 66, 67, 68 arid 70 indicate that the 
photodlsruption of stromal tissue will continue until the 5 
procedure is ended. Specifically, the procedure Is ended 
when an interface layer 58 having a predetermined di- 
mension has been created. 

[0026] It Is the purpose of the apparatus of the present 
invention to create a flap of corneal tissue that can be io 2. 
lifted easily from the eye to expose stromal tissue under 
the flap to further surgical photodlsruption. Accordingly, 
the apparatus and device of the present invention pro^ 
vide means for the photodisnjption of weaker tissue 
along an interface layer 58 between lamella 50 and to, 
thereby, use less laser energy The extent of this photo^ 
disnjption will be best appreciated with reference to Fig. 
5. In Fig. 5, a substantially straight edge 76 is shown 
between a point 78 and a point 80. Also, a substantially 
curved edge 82 is shown connecting the point 78 to the 
point 80. More specifically, the curved edge 82 is gen- 
erally centred on the optical axis 84 of the eye 26 and 
has a radius of curvature 86 that defines Jhe edge Q2. 
As shown, the curved edge 82 will extend through ap- 
proximately two hundred and seventy degrees. Effec- 
tively the desired corneal flap will be created between 
the straight edge 76 and the curved edge 82. Conse- 
quently, by photodisrupting tissue between the anterior 
surface 38 of the cornea 24 and the curved edge 82. a 4. 
flap of comeal tissue can be lifted from the interface lay- 30 
er 58 to expose stromal tissue under the flap for further 
photodlsruption. 

[0027] VVhile the particular apparatus and device as 5. 
herein shown and disclosed in detail is fully capable of 
obtaining the objects and providing the advantages 35 
herein before stated, it is to be understood that it is mere^ 
ly illustrative of the presently preferred embodiments of 
the invention and that no limitations are Intended to the 
details of constmction or design herein shown other . 
than as described in the appended claims. 40 6. 
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Claims 



An apparatus (10) for separating lamellae (50, 50a, 
50b, 50c) in the stroma (34) of an eye (26) which 
comprises: 

means (12. 14, 16, 20) for finding a focal depth 
in the stroma (34); 

means (12. 18. 20) for sequentially focusing a 
laser beam (22) to a plurality of focal points (73) 
in the stroma (34) to photodlsrupt stromal tissue 
at said focal depth to separate the lamellae (50, 
60a. 50b, 50c) and create a photodisruptive re- 
sponse thereto, said photodisruptive response 
being indicative of a diameter of a gas but)ble 
(60, 62) created in the stroma (34) during pho- 
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todisruption of the stromal tissue; and 
means (14) for altemating from a first energy 
level to a second energy level when said pho- 
todisruptive response is less than a reference 
value, and fi-om said second energy level to 
said first energy level when said photodisrup- 
tive response is greater than said reference val- 
ue. 

An apparatus (1 0) as recited in claim 2 wherein said 
finding means (12, 14, 16, 20) comprises: 

a waveft-ont sensor (16) for identifying the an- 
terior surface (38) of the eye; 
a measuring means for locating a start point 
(32) in the stroma (34) at a distance (36) from 
the anterior surface (38), said distance (36) be- 
ing approximately one hundred and eighty mi- 
crons; and 

an ellipsometer (14) for detecting a birefringent 
change in the stroma (34) within approxiniately 
two microns ft-om said start point (32) to estab- 
lish said focal depth. 

An apparatus (10) as recited in claim 2 further com- 
prisirlg a wavefront sensor (16) for detecting said 
photodisruptive response. 

An apparatus (1 0) as recited in claim 3 wherein said 
first energy level is lower than said second energy 
level. 

An apparatus (10) as recited in claim 4 wherein a 
polarisation change due to said birefringence is ap- 
proximately equal to one half degree, and wherein 
said reference value is indicative of a gas but>ble in 
the stroma (34) having a diameter of approximately 
fifteen microns. 

An apparatus (10) as recited in clalrn 5 wherein pho- 
todlsruption of stromal tissue is accomplished with- 
in a boundary to create a flap of comeal tissue, said 
boundary having a first edge (76) and a second 
edge (82) with said first edge being a substantially 
straight line (76) between a first point (78) and a 
second point (80) and said second (82) edge being 
a curved line (82) between said first point (78) and 
said second point (80) with said curved line (82) 
having a radius of curvature (86) around the optical 
axis (84) of the eye of about four and one half mil- 
limetres and said curved line (82) extends through . 
an arc of about two hundred and seventy degrees. 

A device (10) for separating lamellae (50) using a 
birefi-ingent reference generated In a photodisrup-. 
tive material which comprises: 

^ an optical system (1 8) forfocusing a laser beam 
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(22) to a focal point in the material to create a 
photodisruptive response thereto, said photo- 
disruptive response being indicative of a diarh- 
eter of a gas bubble (60, 62) created in the ma- 
terial during photodisruption of the material • . ^ 
a computer means for comparing said photo-. . 
disruptive response to a reference value; 
a mechanism ( 1 8) for scanning said laser beam 
(22) to another focal point in the material to per- 
form photodisruption of the material; 10 
a means (16) for alternating energy in said laser . 
beam (22) from a first energy level to a second 
energy level when said photodisruptive re- ' 
sponse is less than said reference value and 
from said second energy level to said first en- t5 
ergy level when said photodisruptive response 
is greater than said reference value; and. 
a means (14, 16) for detecting the birefrlngent 
reference in thematerial when said first energy 
level Is used, said birefringent ireferehce being 20 
indicative of an interface (58, 58') between lay- 
ers of lamellae (50, 50a, 50b, 50c). 
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